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mm^] mmm 

e> ^ s mmm ^ . mmmm j; u >'i > k ^ ^ y <^ :^ ^ v ^ ^t^m^m^^ ti^^fjtv. 

[0 0 0 1] 

AlGaAs^*feld:InGaAl V ^tA^(D\'C^m^m^^^^lS^ 

[0 0 0 2] 
[t^5f^©S^e] 

I nGaAl P^^t:'^i^^#^$:fflV^^c4^^^5§3fe^^^i, 02 (a) 
fC^StlS J:e>lC. ;t^A«n?|^®G a A s *^^;5;-5^^^»«l_hlC, InG 
a A 1 'P?k(J:>^m^m^P(fi^hti.^'m\ ^^V KJ»2, ^^^y KMJ: U A> F^e?^ 
^y^*M^S < JS;Sim^<^)y > I nG a A 1 ^^(D^m^m^mfs^^^^^m 

ttM3, ^1 ^^^y KM^ll«^CM^7b^eJ^Sll2^^^y K®4;«)^^ti^tixi^^ 

■^bT, "ecDmmmiZ'^^v KS^iisif iefDjs#f^(Z)A i g a a s^cd^^^^m 
j|Bf75)>?5>^<5^7-f > K'^7M 5 i/i^is: it e>ti> $ e){c-g-®*M<^— iJCpj^G a a S *^ 

;5)^^ti^tlAu-G e/N i -^-^^ iftc J: »; |^lt ^j^X, 3l/^;&^?>^>y ^^fbStlT 
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[0 0 0 3] 

[#4tt^3i:m 1 ] 

:35/-K-^- (N.F.Gardner) , fffiSiS. r^mMm^m^^ A 1 G a 1 n PM 
^?S'f£MJCi:-5 1 . 4 |&(D^^B{c#J (1.4X efficiency improvement in trans 
parent-substrate AlGalnP light-emitting diodes with thin active region) 
, rrf'yA ^-7 A V^7s\/^-X (Applied Physics Letters) . 1 9 9 9^4 
,il2H, ||74#, 1115-^, p. 2 2 3 0-2 2 3 2 (Si) 
[0 0 04] 

[0 0 0 5] 

— 3(7)j;e)'Si^®^^-^-ts^5?), BIS (a) x^^n^^ofji. m^m 
, 9t<Dm^fiii^^mM^-^±mMv mv^m (js^t, ^sls*^=•^^^i:v^e>) 

> ?SffiM<^>A> K^^^y >^J;^;=fo/^$^^Ga A sS^g^i^S:ffiv^TV^S^'^^C^i 
, ?SffiM7b^e>^yffiLfe^A^Ga AsS«KT'iSiR$tiez:i:ic^y, 

it. ^^)^ii:jiur£Eti^smttjt^)mmmmizmmx\ ^^o, n^^h^tc^^^ 
i:. f^^mxcomm^mii'^miav. ^^mx<Dum±M-^m^> mmmz^mm 
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[0 0 0 6] 

[0 0 0 7] 

^t^m^mm^ ^ ^ m^m ^ . m^^m j: > k ^ ^ ^ y <^ ^ \*^<t^m^ 
■rsig^M?^map^i> ^pf^<}L^m'm^'7'yv Ym±.\zm^^t\^^'0 ^ y ^^m 

^ IrffBH 1 ^ ^ FS J: U %)®«f^7&^:^^ v>>ffc^ifeif£#f*C75)^ ^ »; , 
[0 0 0 8] 

$:]e<-r-g>^i:*^T'^So fJ&t)-^, 112 ^^>y FJS®JS«f^li> ^l^^^yK 
M(Z)®«f^ J: y v^;^:^?), S«ffl!^^C2|s;3f5J^:;i)^S3t3^)^S^^<^)lSv^|| 2 ^ ^ ^y 

•t^ZHti^X^^o ^fe, m ^^>y KMi: LT, H 2 ^ ^ >y KM «fc U t;/J>S 
[0 0 0 9] 

se>{c. y \^^m^^2^^y KM<fc y =fo®#f^<^:A:^v^Ji^•rsri:T' 
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fe^g(ci3tt 'ontcL^-iy }^^m(Dmmm^m 2 ^ km j: *j < -r-s 3 

2 ^ ^ ^y KMr^c^/^^ F^-v ^y <;fesri:fej5;<. ^-vUTig 

[0 0 10] 

[0011] 

^^mo^^mii^^^m^it. mi (a) ic-e^-i^jgj^McDLEDf^^yy^m 

«0(Z)mi ^^>y Kji2 ^^t)fm2 ^'^^y KM 4 fC j: U S^^l" S#§^M?^^!^S[5 9 
S e> iCfg^MJ^^SP 9 2 ^ >y KM4 Jb^C'^7^' > K't^M5;{)'5ig 
lte>tlTVASo *I§^T'«. :ll2^^^y KM4 3?)^m ^r^>y KM2 j:U%«#f^ 
®:^^v^^#^MA^?>^»J. > K't'MS*^ 112 ;r^.y KM4 j: y % 

® (Z) >^ ^ V A ifi#^!|s;M 7b> ^ o T V % -5 3 ^ ic & S c 

[0 0 12] 

^#^»«[l AlGaAs-«>InGaAl F ii^^bt^^b^mi^mMm^W^^ 

VNr4xT'%i:<, ^##:»«l_hic^«$ti-&lll ^^^y KM2, ^2^^^^yK 
M4 hcDBa^T'^^-S, S^ic, ^#f*:»*gl±lc=g&^^t-'5^#f*:S«l 
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[0 0 13] 

fg^MJ^fiXSP 9 Ell (a) fC^$4x-5MTli, vS'ffiMS ^r^tlJ: U K 
ztfS^i^^ < ®tf ^<Z)/JN $ ^^Umt)^ e> j5i -511 1 ^ KM 2 J: 011 2 ^ 

#^;t*b{Cli I n G a A 1 F ^i^Pc. l5^^^$:#-5 ;^:5?)lCtt A 1 G a A s 
MS^iflcj:y^gMI^:jffilS (A l(7)jiiflmit$:^Afe»J, K-a'v h & K- tf >^ 
[0014] 

Z.Z.\Zl nGa Al P^MVct\%. I Hq (Ga^.j^ Al^ ) 0.51^®^"^' 
x®ffl*^0 1 i:(3D|ST?a'^®ffi(Z)i:^(Z)3^)^5:igl*t--5c In 
(A Ijj G a ) (D?SSi:b^<^ 0 . 4 9fei:tJf0.5 IttlnGaAl 

M^^^aMSti-SG a A s ;^if(Difi^^a^i:l&^M-^$ti-2>i:(:^T^^-5r 

A 1 G a A s^MJiSfilli. A 1 yG aj.yA s y®IB;^)'^Oi: 
[0 0 15] 

^2 KJi4 tt, ^1 ^^^y FJS2 J: U =fe;®tf¥(D:^^ v^>fb^#l4^#^f;:;b^ 

b?&oTV^Se HI ^^^y KM2lC^^SI|2^^'y KM 4 ©JS^^S::^^ < f 

, ^g&i^-r-SA^ F^^^y^i:®M^-^l^g|S^^^«^<STi-Sfe*, 6%Jtaj^ 

{Cli, — Mfi^tCli, I nGa A 1 Pm^JfSf^A 1 Ga A s^MMT'tt, Ga^A 
l<3D?g^it$:^;^sri:Jcj:»;M^$ti<5o -tJ&fc**, A 1 ?S^it=&:^§ < "Tti 
li, /1> K¥^>y^*^it*-rsi:^{cMtf^tt/h§<^»;, AlM^it^/h3< 
-rtlli, A> K='r^^yyA^2f^^>^-r'5i:^lC®#f^;6>:^^<^.5o L^c;^)^oT, H 
2 ^ ^ >y KM 4 lilg 1 ^ ^ ^y KM 2 (Cit^^T A 1 m^i:b©/jN$ V^'fL^#^^#:M 
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[0 0 16] 

, I nQ_4g (G a^_3j A 1 ) q.si^ (0.6^x^0.95, r=.il^itx = 0 . 
9) S e;«)^K-:/$nT:Sp^Ur?gM7bU X 1 0 1 X 1 0 c m 

I Hq 4g (G aQ 3 A 1 Q 2 ) q 51?;?)^^)^ U > 7 > K-^-eO . 1 2 a* mS 

m<Dm-^<Dm^ms znHi^Y^-zf^nr^^vr^mti^i x i o^^-i x i 

CD:^^VM riQ 4g (Ga^.y Aly ) q^^^P (0.4^y^0.7 5, jtiixliy 
= 0.4 5) j5)^e>>fc-5^2 KJS4 (p?^^^^yK®) i:(Z)«Jf ^?t(C J: U 

J^^StlSo A 1 G a A s^-fl:-^%^#^*^^;S;-5#'^{Cl±, Al^Ga^ 

.^As (0.6^z^0.9, r=.t^itz = 0 .8 5) is^iotjiV. SeA'5F-:/$ 

tix^^ vrmmti^i x i o^'^—i x i o^^cm'^mm. m-^ti^o. i-^znm 
mm<D nmmi y^m 2 aiq 2GaQ_gAs7b^e>j&y> ^y\^-^vo 
.1-^2 ^mmm<Dm^(Dmiim3 z nti^ \^-zf^nx^^ v rmmii^ i x 

1 0 1 X 1 0 ^^c m'^mm. 0 . 1 - 2 rnSMT', H 1 ^ ^ *y FM 

2 (nJ^^^^yFji) J: U t;®^^®;^^V^A lyG a^.^A s (0.4 ^u^O. 
7, fei:;ttiu = 0.4 5) :<)^p);&-5m2^^-/ FM4 ( p J^^' ^ >y FJl) 

[0 0 17] 

y ]^^m5it. 112 ^^^y FM4 J: ^;^®#f^5b'J;^^v^^^:-^#;^##;jg:^)^ 
e>J&y, ^2 ^^>y FM4 tC?iA$tl-5«SS&jAlf.5fe«)(DM"e^y, 112^^ 
V FM4±(Z)VNrtl*^(Z)&glC?^^$tlTV>tlliJ:<, 112 ^^^y FJi4lC^-t 

LT®M#$:^feT^^^T=b J:v\o ^^SgMT'tt, mytMmm^ 9 (Dm 2 ^ ^ 
F® 4 ±{C, H 2 ^ ^ F» 4 i: 1^ Cmmmx. m 2 ^ ^ ^y FM 4 J: y =foS#f ^ 

SJCli, ±i^®i^^^y FM®®#f^§:^'fb$-B:S^-^i:raD<> InGaAlP 
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^m'P A 1 G a A s ^mx^ it, G a i: A 1 ® MffiJt S: ^ A S ^ J: U MfiK 
[0 0 1 8] 

^•v u rmmti^ i x i o i x i o c m'^jga^, *^ o . i - 1 o ^ 

Sp?^A lyG a^.^A s (0.6^v^0.85, fei:xliv = 0.7) *^^>;&'5 

-e®fi&, I nG a A 1 P9^^^l:-^^^#<^;T'feoT=feJ:^^o f^t)t>> H 2 
^^y KM4 J:y =foJB^^;;J)^:^^t-tti«J:<, J:«e«) J: e) ^C«^i:g^U:t- 

[0 0 19] 

S e>fC-e©-h"epM«^7®TffilI<30«^lC, ^i:;tlip?^G a A s 
[0 0 2 0] 

miz, mmm<Dm^ji^^mi^m^x/' (4n) d^^^tM^s. nit^mi^^mo) 

m^m) (Dm-^x^s.iz5m-4. ommmmm-t^^mm (dbr) ;?)'?ifA$ti 

TV^7t^J, A«y ■7T-M*WA^tlTV^T% j:V%„ vSitM (DBR) li, 

J: U A> F^^r-^ >y V^M> fct^liAlGaAs<DAl (Z)M^$: 

1 ^|HlC#^sfT'^o;t U, i:^#^««l-h(DMcD^&^^>f^M-^$:^ 
m-t^Z.iltiiX^^m, 7^:^;tli, «M§P*'^'I nG a A 1 P^;^JpJfT'if^##:«^ 
1 Tb^G a A s ©^-^iCtt, GaAs->f>InGaP-^InGaAlP, mM^tt^A 
1 G a A s ^UI^X^mi^M^ 1 T&^G a A s (Dm^iZit. G a A s ^ A 1 G a A 

[0 0 2 1 ] 

n>^^hJi6J:lc, Au-B e/N i/T i/Au;&if7b>e>^<5 pM«®7, 

1 OMMtC. Au-Ge/N i/Au;&i:*3()^^^-5n{BffaM8;b^-etV-?* 
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[0 0 2 2] 

Ef2S«fct>*®3 5:#fl^b?5;*^e)iJi0^-r So tj^lS. #^(Z) (b) tt, m^m-^^^b^ 
[0 0 2 3] 

«e5R^5ttt, m2 (b) ^J:0gI3 (b) IC^^tiS J:e>C, H 1 ^ ^ KM 
[0 0 24] 

01 (b) iz^^n^^oiz. 112 KJS4 tt^i 
KM 2 J: y %m^mti^i^^ < , "i? ^ > K -i^M 5 «|| 2 ^ ^ KS4 J: U %®#f 
^;^)'5:^^V^M^i:;&oT^^;. 3 &4r,i>ic±T (01 (b) T'tt£:&) # 

MWr\ 112 ^^»y KM4fi!l'N3tA^5fo5ge>tlfe^^M^^B 5r^LTV^So ^ 
^, A> K^-V y(7)M^{CoV^T^i, mi (c) {C^$nSJ:e)fC, ^2^^ 
y KM4 ^i®tf^*^;^#v^)^:^^), rS-fS Jf 3 ^ H 2 ^ ^ ^y K®4 i:<Z)r4<D^N'> K=¥ 
^^y>^ll (A Eg) (S^-Bri*) fCit^T/jN$ <J&oTV^S„ 

Lfciti^^X. 3^§fo5g»;^^Sr:^^<f Sfc*?>lC|g2^^^^y KM 4 CD ®tf^ 
^< Lilies br^S'ffiMS hl|2^^^y KM4racDA> K^^^y 

(AEg) >^)^;&<;&y, =3p^Urg^l^iii?)^:^*'5||<J&oTL*e)^^^e)^ 

[0 0 2 5] 

^5:112 ^^^y KM 4 J: U < "T 3 1?, m2^^y KM4®®^^$:5^ 

tc:^^<f -SdiiTb^T'^So irfjttD^. "^-O K'^7M5^ce^^(D:*:^v^M$:ffl 
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e>{C:^^<;&-5o ttl^^ic, l|2 KM4 ©JS^^Sr^p^ U T 

[0 0 2 6] 

nj^'^/w' > \i^m(D:fjf}m^^fi^izm\i^hAim.t.nmz^ I ^ =7 V km2 

1 ^^^y KS2(Z)M^^J: U/J^$v^S$:ffiv^4^^^, 111 K»2 i: nj^'j?^' 

[0 0 2 7] 

MOCVD (;t«i^Mfb^^*g^;R) mumzKn. S.miS:^0)hV:i^^Jl^V 
^2^ (J^T, TEG^lV^e)) , h U ^ ^;i/r;i/^ -t^7 A (J^T> TMAi:V>-^) 
, h ^) :^'^)\y4yV'^ U (^T> TM I n ^:v^e)) , y i^XT. P H3 

^\^o) fecfcO^n?!^ K->'N°> h^'^i: UTc^Hg S e S: U T^^<Z);!Kl^ (H 
2) i:^{c#AL> 5 0 0-7 0 0'C@ST'Xfcf^dp5/-v;i/^;Sb, ^^ur^g 

X 1 O^^—l X 1 O^^c m'^SSc^ I Hq 49 (GaQ^AlQ g ) q g^P 
nj^^^^y KM 2 §: 0 . 5 m^^XH'^ dpiy^;i,^-R^^„ oV^T', 
)K/^;:**XC^TMAS:^P, LTTEG$:itAJ>u, 7 > F-^(D I Hq ( 
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\^mi 2tm^<DRi:^ii7.X'. K-A> h;!/>l$:j;>l^;i/Ma& (DMZ n) IC b 
T, pmX^^^Vr^mtf^l X l O^*^-! X l 0l^cm"^^^CD7^ilX.li I 

49 ^0.55 ^ ^0.45 ^ 0.51^*'^^*^^^^^^^ ^^"^ ^ ^ (iraUm. b 
T, PH3 feJ:tJtTM I ncD«^^S:^^iLLT;i/2/> (^J^T, AsHgiiV^e*) S: 
^lAL, vmX^-T^)rWimff^l X 1 O^*^-! X 1 o20cm"%M(Dfei:;t«A 
1q 7 GaQ 3 A s pj^'t;^' > K-i^M 5, $ ^{CTM A(D#fc*&$:^^ihL 

P?^"X?df ^ U T^i^*'^ 1X10 ^'^^ 1X1 O^^c m~^^M®;ti:;tlfG a A s 

Au-T i-^^, Au-Z n/N i-^^*feliAu-B e /N i if ^^jl 

^mm±mW:^mi (a) {C^$ti'2><be>lC/N°^-^>^^$:LTpM«M7$:?^ 

[0 0 2 8] 

miZ^ iJ^UX-ms-^^ (l^- h 0 . 6 Airi/m i n) 3i^y^y if-t ^ :i}HZ J: 
[0 0 2 9] 

JSv^fe^J, Shield:, ?SttMT'<^mgSg&MA^itiIIIb, ?SffiMT'(^)S;SJi#5:javN 
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%m\^m^t\.^u $^ic, -i7>r>K'^7McOM^^S:ll2^'7^y KMj:y=b:^# 

mi] 
1 

2 m 1 ^ ^ KM 

3 vSttM 

4 H 2 ^ ^ KM 

5 '!7>r>K'i7JS 
9 #§3tM?^A^S 
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